S troke continues to be a major public health concern worldwide. As with other developed countries, it is the leading cause of death and a major neurological cause of long-term disability in Japan.
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Lawton defined and systematized 7 stages of competence (ie, functional capacity) from the lowest and most basic function to the highest. 6 The stages were, in ascending order of complexity, life maintenance, functional health, perception and cognition, physical self-maintenance (corresponding to BADL), instrumental self-maintenance (instrumental activities of daily living [IADL] ), effectance, and social role. 6 Of these stages, the complex capacity to cover the last 3 stages-IADL, effectance (referred to as intellectual activity in the present study), and social role-has been defined as representing higher-level functional capacity. These capacities, which exceed BADL, are required to maintain a socially independent lifestyle. Only one study in the United States showed that those who developed stroke had a lower probability of IADL independence before stroke compared with those who remained stroke-free. 7 To our knowledge, no study has examined whether intellectual activity and social role are predictors of stroke.
The purpose of the present study was then to clarify whether impaired higher-level functional capacity is a predictor of first stroke among community-dwelling older adults in Japan.
Methods
The present study was a part of the Ohasama Study, a longitudinal community-based observational study in Ohasama, Iwate prefecture, Japan. The geographic and demographic characteristics of the study participants have been described previously. 8, 9 The institutional review board of Tohoku University School of Medicine and of Pharmaceutical Sciences and the Department of Health of the Ohasama Town Government approved this study. Participants provided written informed consent to participate. Figure 1 shows the flow diagram of the present study. The total population aged ≥60 years was 2614 in 1998; 2348 (response rate 89.8%) participated in the study from February 1 to March 28, 1998 . Overall, 823 participants were excluded for the following reasons: a history of stroke before the baseline survey (n=236), incomplete answers on the BADL questionnaire (the 6-item physical function measurement of the Medical Outcomes Study Short-Form General Health Survey; n=183), 10, 11 not being fully independent in BADL (0 score of the Medical Outcomes Study Short-Form General Health Survey; n=115), 10, 11 and missing values in the items assessing higher-level functional capacity (n=289). 12, 13 Of those eligible for follow-up, 32 participants were excluded because of unwillingness to take part in follow-up, leaving data from 1493 participants for analysis.
Study Population

Higher-Level Functional Capacity
Higher-level functional capacity was evaluated using the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC), which was designed to measure higher-level functional capacity above BADL based on Lawton's hierarchical model of competence specifically for the Japanese older adults. 6, 12, 13 Validity and reliability of the index have been confirmed. 13 This is a multidimensional 13-item index, and the response to each item is scored with either 1 (yes) or 0 (no) for a maximum score of 13 points; a higher score reflects higher-level functional capacity (Table I in the online-only Data  Supplement) . In this study, participants whose total score was ≤9 were defined as having impaired higher-level functional capacity. 14, 15 The TMIG-IC consists of 3 subscales: IADL, intellectual activity, and social role. A person was defined as being impaired if he/she reported a score of ≥1 below the respective full mark. That is, a score ≤4 out of 5 for IADL or ≤3 out of 4 for intellectual activity or social role was considered to indicate impairment within that subscale. 16 
Follow-Up and Outcomes
Follow-up of each participant was continued until the occurrence of one of the following censoring events: stroke incidence, death, loss to follow-up because of moving away from Ohasama town, or the end of our follow-up period (November 30, 2010). Residence in Ohasama was confirmed by the residents' registration cards. In Japan, these cards are considered accurate and reliable because they are used for pensions and social security benefits. Stroke incidence was determined by reviewing the Stroke Registration System of Iwate Prefecture, death certificates, National Health Insurance receipts, and questionnaires sent to each household at the time of health-checkup. This information was then confirmed by checking the medical charts of Ohasama Hospital, which is the only hospital in the town and where ≥90% of participants had regular checkups. Among 191 participants who developed first stroke in the present study, 176 participants (92.1%) were confirmed by computed tomography or magnetic resonance imaging (MRI) of the brain. The diagnostic criteria of stroke and their subtypes were based on the system for the Classification of Cerebrovascular Disease III by the National Institute of Neurological Disorders and Stroke. 17 The present analysis considered only the first stroke incidence. Transient ischemic attacks were not included in stroke.
Potential Confounding Variables
Based on previous studies, 18 we selected the following potential confounding variables: age, sex, smoking status, alcohol intake, habitual exercise, body mass index, hypertension, diabetes mellitus, hypercholesterolemia, and heart disease. These variables were obtained from the self-administered questionnaire at baseline. Smoking status and alcohol intake were categorized into 3 groups: current, former, or never. Habitual exercise was determined by answers to the question, "How many times do you normally exercise per week?" Responses were classified as rarely/never, 1-2 hours/week, or ≥3 hours/week. Self-reported body weight and height were used to calculate body mass index, which was classified as <18.5 kg/m 2 , 18.5-24.9 kg/m 2 , or ≥25 kg/m 2 . As some missing values existed on habitual exercise (n=103) and body mass index (n=129), single imputation with regression on age and sex was conducted. Hypertension was defined as a history of hypertension by a doctor or current use of antihypertensive medication. Diabetes mellitus, hypercholesterolemia, and heart disease were defined as having been diagnosed with each disease, including being currently under treatment. 
Statistical Analysis
Baseline characteristics of participants with normal and impaired higher-level functional capacity based on the total TMIG-IC score were compared using Student's t test for continuous variables and the chi-square test for categorical variables. The outcome for this study was defined as the first stroke incidence during the follow-up period. Age-and sex-adjusted hazard ratios (HRs), and HRs additionally adjusted for potential confounding variables, and their 95% confidence intervals (95% CIs) were calculated by the Cox proportional hazards model. Person-years in the follow-up period were counted from the date of the baseline survey to the occurrence of one of the censoring events, whichever came first. For those who were lost to follow up, the last confirmed date of their presence in Ohasama was used as the date of censoring. We also stratified our models by age (60-74 and ≥75 years), sex, and hypertension. In addition, we examined whether these variables modified the associations between higher-level functional capacity and stroke by including cross product terms in the models. All analyses were conducted using STATA 12.0 (StataCorp LP, College Station, TX). For all analyses, a 2-tailed P<0.05 was considered statistically significant.
Results
Table presents the baseline characteristics according to higherlevel functional capacity. During a mean 10.4 years of followup, first strokes were observed in 191 participants. Those with impaired higher-level functional capacity were older and had a lower prevalence of current smoking, exercise, being overweight, and hypercholesterolemia than those with normal higher-level functional capacity. Figure 2 shows the multivariate adjusted HRs and 95% CIs for stroke risk of impaired higher-level functional capacity compared with normal higher-level functional capacity. Those with impaired higher-level functional capacity based on total TMIG-IC score had significantly higher probability of stroke incidence compared with others, even after adjusting for potential confounding variables (HR, 1.64; 95% CI, 1.15-2.33). This association was also similar for each subscale, although the significance of association was found only for intellectual activity (HR, 1.64; 95% CI, 1.21-2.22). Unadjusted and age-and sex-adjusted HRs and 95% CIs are presented in Table II in the online-only Data Supplement. The size of these associations dramatically reduced after adjusting for age and sex, but remained significant except for social role. We next checked for potential effect modification by stratifying the analyses by age (60-74 years and ≥75 years), sex, and hypertension. A significant association between social role and stroke was found only among those aged ≥75 years (HR, 1.78; 95% CI, 1.07-2.98; 
Discussion
The present cohort study demonstrated that impaired higherlevel functional capacity was associated with first stroke among community-dwelling older adults with independent BADL at baseline. Among 3 subscales of the TMIG-IC, only intellectual activity was significantly associated with the first stroke. The significant association between social role and stroke was found only among those aged ≥75 years. We found that impaired higher-level functional capacity above BADL was associated with stroke incidence. Those with impaired higher-level functional capacity were older than those with normal capacity, and those with stroke incidence were older than those without stroke (data not shown), suggesting that the effect of impaired higher-level functional capacity on stroke incidence was partially influenced by age. However, the significance of the associations between impaired higher-level functional capacity and stroke incidence remained even after adjusting for age, except for social role. Although several previous studies have shown that impaired functional capacity is associated with stroke incidence, [3] [4] [5] these studies focused mainly on simple functional capacity, such as BADL, and did not examine higher-level functional capacity above BADL, which corresponds to the fifth, sixth, and seventh sublevels of Lawton's hierarchical model of competence. 6 This may be because an appropriate scale has not been constructed for measuring higher-level functional capacity in older adults. The present study, however, could examine higher-level functional capacity above BADL by using the TMIG-IC scale, which was designed to measure 3 higher-level functional capacities above BADL in community-dwelling older adults.
12,13 An assessment of higher-level functional capacity, such as intellectual activity, may enable earlier detection of older adults who are at an increased risk for future onset of stroke and may lead to a possible intervention.
There are several explanations for the association between impaired higher-level functional capacity and stroke incidence.
First, traditional risk factors for stroke might influence this association. The observed association might be confounded by shared risk factors, or those with impaired higher-level functional capacity may be less prone to follow primary prevention strategies, which indirectly increase the risk of stroke. Several health behaviors have been shown to contribute to decline in higher-level functional capacity in the Ohasama study. 15 Among those who are thought to be representative of the Japanese population in the NIPPON DATA90, the accumulation of cardiovascular risk factors was associated with IADL. 19 In the present study, the association between impaired higherlevel functional capacity and stroke incidence remained even after adjustment for these risk factors, which suggests that the observed associations were not fully explained by these traditional risk factors. However, some risk factors, such as dietary habits or suboptimal health care utilization, were not considered, and these need to be examined in future studies. Another explanation could be that impaired higher-level functional capacity is most likely an early sign of cerebrovascular disease, such as silent cerebral infarcts. Silent cerebral infarcts on MRI are 5 times as prevalent as stroke 20 and independent predictors of the risk for stroke in older adults without a clinical history of stroke. 21 Also, subclinical brain MRI abnormalities predict physical functional decline in high-functioning older adults. 22 Providing MRI data would allow us to further assess how preexisting silent cerebral infarcts contribute to the association between impaired higher-level functional capacity and stroke incidence, although we did not look at MRI data, which is a limitation of the present study.
Among 3 subscales of higher-level functional capacity, only intellectual activity was significantly associated with stroke incidence. This result seems consistent with previous studies, indicating impaired cognitive function predicts stroke, 5 because a previous study reported that intellectual activity was most likely to be impaired in the mild cognitive decline group among 3 subscales. 23 Impaired intellectual activity may be a marker of stroke risk, as well as cognitive function. The items of the intellectual activity subscale can also be categorized as cognitively stimulating Figure 2 . Adjusted hazard ratio and 95% confidence interval for stroke incidence according to higher-level functional capacity based on 3 subscales of TMIG-IC (the Ohasama study 1998-2010). IADL indicates instrumental activities of daily living; and TMIG-IC, Tokyo Metropolitan Institute of Gerontology Index of Competence. *Adjusted for age, sex, smoking status, alcohol intake, habitual exercise, body mass index, hypertension, diabetes mellitus, hypercholesterolemia, and heart disease. † Total TMIG-IC score was dichotomized into normal (score=10-13) and impaired (score=0-9). IADL: normal (score=5), impaired (score=0-4). Intellectual activity: normal (score=4), impaired (score=0-3). Social role: normal (score=4), impaired (score=0-3).
by guest on January 16, 2018 http://stroke.ahajournals.org/ Downloaded from activities, which have been found to be protective for cognitive decline. 24 Frequent participation in cognitively stimulating activities (ie, reading newspapers, books, and magazines) may reduce risk for stroke by retaining cognitive function. The association of intellectual activity was significant only among women, which seems consistent with previous studies showing that some risk factors for stroke, such as diabetes mellitus and psychological stress, are stronger or more prevalent in women than in men. 25 Although the mechanisms underlying this sex difference in the association of intellectual activity could not be examined in the present study, the lower prevalence of impaired intellectual activity among men compared with women might result in weak statistical power to detect significant associations among men.
Social role was significantly associated with stroke incidence only among those aged ≥75 years (Table III in the online-only Data Supplement). The social role subscale includes 4 items related to social relationships. The totality of published evidence suggests that social relationships reduce stroke risk. 26 Some previous studies suggested that associations between social relationships and mortality emerged only among those aged ≥75 years. 27, 28 Our present study is generally consistent with these previous studies. It has been recognized that social relationships influence health through a variety of mechanisms: promoting health behaviors, influencing emotional states, such as self-esteem, and buffering stress. 29 Social roles can be potentially modified because most of the items regarding social role do not ask older adults about capabilities, but about habitual behaviors. 16 Maintaining good social roles may prevent the future onset of stroke in community-dwelling older adults.
Our study findings should be interpreted in light of several limitations. First, the participants in the present study were selected from a rural town in northern Japan, and they, therefore, do not represent all older adults in the country. However, this study was conducted using a representative sample in the study field because ≈90% of the residents aged ≥60 years participated in the study. Second, data on higher-level functional capacity and potential confounding variables were obtained at the beginning of the follow-up period because the objective of the study was to examine stroke risk as defined according to initial baseline status of higher-level functional capacity. Finally, potential confounding variables were obtained only from the self-administered questionnaire. However, because this limitation applied to both groups (incident and nonincident stroke), the effect should have been balanced. Objective measures should be used in future studies.
Conclusions
The present study showed that the risk of future stroke was increased among those with impaired higher-level functional capacity at baseline, especially intellectual activity. Among those aged ≥75 years, social role was significantly associated with stroke incidence. Higher-level functional capacity, in addition to basic physical functions, such as BADL, should be more broadly recognized as a possible early clinical manifestation of stroke. Monitoring of higher-level functional capacity might be useful to detect those at higher risk for developing stroke in the future. † IADL: normal (score=5), impaired (score=0-4). Intellectual activity: normal (score=4), impaired (score=0-3). Social role: normal (score=4), impaired (score=0-3).
